We explore the exciton-polariton condensation in the two degenerate orbital states. In the honeycomb lattice potential, at the third band we have two degenerate vortex-antivortex lattice states at the inequivalent K and K ′ -points. We have observed energetically degenerate condensates within the linewidth ∼ 0.3 meV, and directly measured the vortex-antivortex lattice phase order of the order parameter. We have also observed the intensity anticorrelation between polariton condensates at the K-and K ′ -points. We relate this intensity anticorrelation to the dynamical feature of polariton condensates induced by the stochastic relaxation from the common particle reservoir.
Microcavity exciton-polaritons are a solid state system where bosonic condensation [1] has been explored. A semiconductor microcavity with embedded quantum wells (QWs) realizes the strong coupling between QW excitons and microcavity photons, which results in the new eigenmodes of the system called upper and lower polaritons [2, 3] . At low densities, polaritons are regarded as bosonic particles, and lower polaritons (LPs) are expected to exhibit dynamic condensation [4] . LP condensation has been observed in inorganic [5] [6] [7] [8] and organic [9] semiconductors. One unique feature of polariton condensates comes from their non-equilibrium nature. Because polaritons leak from the cavity as emitted photons before reaching the thermal equilibrium, the stochastic relaxation plays a role for the formation of the condensate. Recently the stochastic polarization build-up of the polariton condensation has been theoretically and experimentally explored [10, 11] .
Using the thin metal deposition method, single trap [12] , one-dimensional array [13] and 2D square lattice potentials [14] have been studied, where the dynamical and bottleneck condensation in meta-stable higher bands has been observed. A band gap between the bands suppresses a LP relaxation to the lower band, which results in the meta-stable condensation at the top of the gap. Due to the short lifetime of the LPs, they can escape from the cavity as emitted photons prior to the relaxation to the lower bands, which allows the direct access to the particle density and phase distribution of the higher band condensates. The mode competition and the relaxation dynamics for different energy modes have been studied experimentally and simulated by the rate equations [13, 14] . For the degenerate energy states, the relaxation to these states are initiated by the independent spontaneous scattering and the stochastic population build-up will be induced between these states. Here we report the stochastic formation of polariton condensates in two degenerate orbital states in the honeycomb lattice potentials.
The honeycomb lattice potential is implemented by the thin metal deposition method with ∼ 150 µeV potential strength and the period a ∼ 2 µm ( Fig. 1(a) ). The characteristic kinetic energy is a at a red detuned area (∆ ∼ -2 meV). The Brillouin Zones (BZs) with three high symmetry points (Γ, M and K) are shown in Fig.  1(b) . The band structure ( Fig. 1(c) ) is calculated with single-particle plane wave bases for the weak potential regime. There are two inequivalent K-and K ′ -points at the vertices of the first BZ with 3-fold rotational symmetry. Under the weak periodic potential, this 3-fold degeneracy is split into lower degenerate doublets and upper non-degenerate singlet with an energy gap (∼ 35 µeV with our potential), which suppresses the LP relaxation from the upper singlet to the lower doublet states.
The details of our sample with 12 GaAs QWs in AlGaAs/AlAs planer microcavity are shown in the previous paper [14] . All measurements in this paper are performed at ∼ 4 K, and around a red-detuned area with the detuning ∆ ∼ -2 meV. LPs are created by Ti:Sapphier laser of ∼ 767.5 nm (QW exciton resonance) incident at ∼ 60 degree in the pulsed mode with a 76 MHz repetition rate and ∼ 3 ps pulse width.
We first explore the far-field polariton distribution. Sharp intensity peaks in the far-field pattern shown in 
Fig. 2(a)
indicate that large LP population condenses above the threshold pump power P/P th ∼ 2 at the Kand K ′ -points in the 3rd BZ. We note that LPs are more or less equally populated at all six points within ∼15% difference. At the K-points, the lowest three orthonormal eigenstates are split into two degenerate doublet |Ψ [15]. The pump power dependence of the K-point energy, linewidth and intensity are shown in Fig. 2(b) . Across the threshold pump power (P th ∼ 4 mW), the intensity increases nonlinearly. The energy is blue-shifted at the threshold, and gradually increases with increasing the pump power. The linewidth shrinks at the threshold and increases above the threshold due to the polariton-polariton interaction. All of above results show the characteristic behavior of polariton condensation [5, 6, 16] . It is also experimentally confirmed that the energy of all six K-and K ′ -points are degenerate within their spectral linewidth (∼ 0.3 meV). The energy-resolved far-field patterns reveal the relaxation path of LPs (Figs. 2(c)-(e) ). From the 2nd Γ-point to the K(K ′ )-points, LPs relax through the 3rd BZ not the 2nd BZ, which is consistent with the condensation at the 3rd band K(K ′ )-points. Because LPs relax by polariton-polariton interaction and polariton-acoustic phonon interaction in low temperatures both of which conserve the in-plane momentum, it is natural to think that LPs relax to either |Ψ ferometer [18] . In a signal arm, signals from all six Kand K ′ -points are chosen. In a reference arm, we choose one of the three K-or K ′ -points using a 150 µm pinhole (corresponding to ∆k ∼ 0.31 µm −1 ) as a reference plane wave for the interferogram. We use a band-pass filter with 1 nm pass band width to filter out the residual light from other states as well as the scattered laser. The near-field image observed in the signal arm shown in Fig. 3(a) is consistent with the theoretical particle density distribution of |Ψ K 3 and |Ψ Fig. 3(b) with the intensity peak-to-peak distance of 2 √ 3 µm. We note that |Ψ are shown in Fig. 3(c) and Fig. 3(d) respectively, where clockwise and counter-clockwise phase rotation exist to form the honeycomb lattice geometry. At the position where the phase rotation exists the intensity goes to zero (in Fig.  3(b) ). This vortex-antivortex lattice order is directly detected in the experimental interferogram shown in Figs. 3(e) and (f). By extracting the off-axis components of the interferogram [20, 21] , we can reconstruct the phase pro- condensates with the pump power dependence of the Γ-point and K(and K ′ )-points condensate intensity (Fig.  4(c) 
) is the measured auto-correlation function of one K(K ′ )-point selected by the pinhole, while g (2) (K, K ′ , τ = 0) is the measured cross correlation function between one K-point and one K ′ -point. In both cases, the band pass filter with 1 nm band width is used to filter out the residual signals and Si avalanche photodiodes are used for photon-counting. We can see the anti-bunching behavior between |Ψ condensates. The degree of the anti-bunching has the maximum at P/P th ∼ 2, where the K(and K ′ )-points condensates are dominant in the system. With increasing the pump power, the Γ-point signal becomes dominant and the anti-bunching becomes smaller. We relate this intensity anticorrelation to the mode competition resulting from the stochastic formation of |Ψ g (2) g (K ,K) (2) g (K ,K' ) (2) g (K' ,K' )
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g (All ,All) (2) g (K' ,K' ) (2) g (K ,K) phonon scattering. When the population at one state first reaches the quantum threshold, the stimulated scattering to that state is turned on and the relaxation into that state is more enhanced than the other, while the total particle number is determined by the pump power
